There is limited information on the effects of different warm-up periods on proprioception and balance in the context of injury prevention. Objective: To determine the effects of warm-up exercises on knee proprioception and balance and to compare the effectiveness of warming up periods. Design: Pretest/posttest. Setting: Research laboratory. Participants: 30 healthy subjects (19 women, 11 men; mean age 20.70 ± 0.99 years). Interventions: Exercise groups performed warm-up exercises (group 1, 5 minutes; group 2, 10 minutes). Joint Position Sense (JPS) was tested at 15°, 30°, and 60° knee flexion (KF) on a JPS device. Balance was measured using the Neurocom Balance Master System. Main Outcome Measures: JPS absolute error (AE) was measured at 15°, 30°, and 60° KF and postural control was measured. Results: After exercise, we found significant improvements for AE of JPSs of 30° right (R) KF, 15° left (L) KF, and 60° L KF in group 1. In group 2, AE of JPS values increased for all angles of both knees except 60° R KF. AE of JPS values of 15° R KF, 30° R KF, 15° L KF, 60° L KF were significantly different in group 2 compared with group 1. In balance measurements, there were significant improvements for standing on foam with eyes closed (EC) position, velocity and R-L unilateral stance EC in group 1. There were significant improvements for velocity, end point, maximum excursion, and L unilateral stance EC in group 2. Conclusions: Both warm-up periods have positive effects on knee proprioception and balance. The 10-minute warm-up exercise improved proprioception by a greater amount than the 5 minutes warm-up exercise.
the metabolic functions, increases for facilitating and preparing the muscles to a greater activity. 2 Another mechanism is increasing the excitability of the joint mechanoreceptors and speed of nerve impulses by the exercise. Warm-up exercise shortens the reaction time and muscle response time and increases the neuromuscular facilitation by increasing the sensitivity of the receptors involved with joint position sense. 2, 6, 7 When a person warms up, muscle fibers are activated and their activity is regulated by muscle spindles. Muscle spindles monitor the amount of work that muscles need to perform, which means that the stimulus-work profile of the muscle nerve system can be regulated. 2, 3, 6 Muscle spindles, which are involved in the monosynaptic stretch reflex, can control muscle contraction. Monosynaptic reflex is started by muscle lengthening. Activation of the spindle stimulates the Ia afferent (travels to the dorsal root of the spinal cord) and in turn activates the α motor neuron causing muscle contraction to provide the stability of the desired joint. 8, 10 Accordingly, the amount of muscle lengthening and rate of the motion muscle contraction is regulated. In a warm-up procedure, the monitoring function of the muscle spindle restrains fast or complete responses of the muscles and uses only the required number of fibrils. Thus energy is saved, coordination and preparation of the nerve system is facilitated, and injury is prevented. [8] [9] [10] On the other hand, warm-up exercises can be a compensatory mechanism that might keep the soft tissue laxity at normal levels and maintain the mechanoreceptor feedback mechanism. 1, 7, 8, 11 Bartlett et al declared that increased anterio-posterior laxity of knee can be vulnerable for knee. But this condition may exist after severe exercise with muscle fatigue. Increased ligament laxity may cause insufficient mechanoreceptor feedback for muscular reflexes. 11 Stretching of a ligament triggers a neural feedback mechanism leading to contraction of the involved muscles and thus limitation of the undesired and excessive movement of the bones. This is a protective mechanism supplementing the static ligamentous restraints of the knee with active muscular control, thus reducing the risk of injury to the joint. But increased ligament laxity may diminish the ability of neuromuscular system to respond in a timely fashion to stabilize the joint, by allowing greater lengthening on joint displacement before a reflexive force threshold is reached. Anterior cruciate ligament deficient knee has been studied and has demonstrated diminished proprioception, delays in reflex responses of the muscles, and altered reactive neuromuscular control strategies in activities. 12 Nerve fibers, which are responsible from position sense, can be affected from ligament laxity related to having less tensile strength. This condition may lead to destruction of the messages to and from the joint mechanoreceptors and deafferentation might occur. 9 In subfatigue levels of activity, increased sensitivity of mechanoreceptors would provide the necessary enhancement of reflex neuromuscular protective mechanisms. 11 This compensatory mechanism has positive effects on perceiving joint position and balance control. 11, [13] [14] [15] Once joint position and balance control is enhanced, injuries can be prevented.
Proprioception, perceiving the position or movement of extremities and body segments in space, [8] [9] [10] [14] [15] [16] is an important component of balance and proper postural control. [15] [16] [17] [18] [19] Balance is a function requiring the adjustment of muscle activity and joint position to preserve the center of gravity of the body according to its base of support in static or dynamic conditions. 15, 20, 21 The maintenance of the balance depends on the visual, vestibular, and proprioceptive stimulus. 20, 21 Laskowski et al declared that reflex arc, and so neuromuscular control, is affected by micro-macro traumatic injuries 9 and mechanic stability. Mechanoreceptor inputs decrease reflex pathways, which provide dynamic stabilization and are deafferentiated [8] [9] [10] [11] 14 and thus JPS is disturbed, postural sway increases, and balance impairs.
To prevent these impairments, performing mild exercises such as warm-up exercise, which could improve proprioception and postural control, might be advantageous before physical or sportive activities. A possible mechanism for the improvement of JPS by exercise can be explained by increased output of muscle spindles through the so-called γ route during movement. 12, 17 Joint afferents and cutaneous afferents mostly respond at extremes of motion, whereas muscle spindles respond unidirectionally across the entire physiologic range of movement. 10 Thus, capsulo-ligamentous and muscular proprioceptive afferents are both important in providing joint stability. 9, 22 Determining the most effective warm-up period for proprioception and balance can prevent injuries which may occur in sport specific or therapeutic conditions or during exercise for healthy people.
There are studies investigating proprioceptive training, balance training, and warm-up exercises on proprioception and balance and their relationship to knee injuries in current literature. 11, 14, [17] [18] [19] Yet there is no specific information about optimum warm-up period needed for improvement of knee proprioception and balance.
The objectives of the current study are to determine the effect of warm-up exercises on knee proprioception and balance and to compare the effectiveness of different lengths of warm-up periods.
Methods

Participants
In 2004 to 2005, 30 young individuals (19 female, 11 male) with mean age 20.70 ± 0.98 [19] [20] [21] [22] [23] years volunteered to participate in this study. Participants were all healthy university students without any vestibular, neurological, orthopedic, or musculoskeletal injuries (past or current). Subjects were free from any health concerns that would have prevented them from performing warm-up exercises. None of them had participated in sporting activities on a regular basis or regular completion of warm-up routines for the prior 6 months, and all of them were right handed and legged. Dominant hand was determined by asking the subject which hand they would predominantly use to write and the dominant leg was determined by asking the subject which leg they would predominantly use to kick a ball. 18, 25 Approval was obtained from the Dokuz Eylul University, Human Ethics Committee (Number:B.30.2.DEU.0.01.00.00/5588) before commencing this study, and the written consent was given by all subjects.
We separated the participants randomly into a control (n = 10) and two exercise (n1 = n2 = 10) groups. Exercise groups performed warm-up exercises of different lengths (group 1, 5 minutes; group 2, 10 minutes). Proprioceptive and balance measurements were done preexercise and immediately postexercise. No exercise program was given to the control group. Proprioceptive and balance measurements of the control group were taken and repeated after an interval of 10 minutes.
The demographic information of the participant such as age, gender, weight and height, body mass index, personal and family history, dominant side, and medication was recorded.
Procedure
The measurements were conducted in an isolated room away from any visual or auditory stimulation. During the proprioception assessment, subjects wore ear-plugs and blindfolds. Before and after the exercise, knee proprioception and balance assessments were conducted. After the first measurements, the control group was given a 10-minute interval, equivalent to the length of the maximum warm-up period, before the measurements were retaken.
Knee Joint Position Sense (JPS) Measurement. The passive knee joint position was measured with the apparatus that was used and expounded by Barttlet et al. 11 The subject was seated and the position of the hip was adjusted as in Figure  1 . A digital goniometer (Guymon, Model 01129, Lafayette Instrument, Sagamore Parkway North, USA) was attached to the lateral aspect of the knee to measure the angle. 11, 16, 22 Knee JPS at 15°, 30°, and 60° flexion from full extension was measured. 16, [22] [23] [24] [25] Before the measurement, the subjects were required to hold their leg in the requested position for a period of 5 seconds, 3 times to determine each angle properly. 17, 18 A passive and nonweight bearing position was chosen to minimize the motor contribution, which could aid the proprioceptive acuity and interfere with the results. 17, 18 The proprioception measurement apparatus works with a crank system at the end of the device that changes the knee flexion-extension angle. 11 A Figure 1 -Knee JPS measurement.
physiotherapist manually moved the apparatus from the initial angle to the target angle and held the position for 5 seconds. This process was repeated 3 times so that the subject became aware of the required target angle. First, right and subsequently left knee JPS measurements were taken 3 times with 5-second rest periods between each degree in each test. Subjects stated when they felt that they had reached the target angle, and simultaneously, the degree of the goniometer was recorded. The error between the angle that the participant reproduced and that was required was recorded, ignoring the direction of error. 11, 14, [20] [21] [22] [23] [24] [25] This error is the Absolute Error (AE) and an average of the three measurements was calculated to be the Absolute Mean (AM). The AM was used for statistical analysis. 16, 17, 18 ). Balance measurements were repeated three times with 10-second rest periods between each test. The average of the three measurements was recorded. 15, [19] [20] [21] 24 In mCTSIB, postural sway velocity is quantified under the following sensory conditions: unilateral and bilateral standing on a firm surface and bilateral standing on an unstable surface (foam). All trials were done with eyes open (EO) and eyes closed (EC). The trials were repeated 3 times and mean values were recorded. 20, 24 Balance parameters were shown in the following paragraphs: 
LOS. LOS
17-20 is a dynamic standing balance test. This test evaluates voluntary weight shifting ( Figure 5 ). Reaction time (seconds), velocity (degree/seconds), maximum excursion (%), end point (%), and directional control (%) are the outcome measures of the LOS.
Reaction time is the period between getting the visual or auditory stimulus and moving the body to the target point. Maximum excursion is weight shifting distance without a step being taken. The final point (endpoint) and the speed of movement (velocity) are recorded. Directional control measures the regularity of weight shifting when moving to the target point. Warm-Up Procedure. Group 1 performed a 5-minute warm-up exercise and group 2 performed a 10-minute warm-up exercise, which consisted of jogging and stretching exercises (see Table 1 3,6,29 -31 ). 2, 3, 11, [26] [27] [28] We designed two warm-up programs, which both consists the exact same pattern and one had half duration of the other. Only the stretching durations were different because we desired the contents of two programs to be the same. Therefore the repetitions were same and the warm-up duration was the half of the other's. Stretching exercises were applied to hamstring, gastrocnemius, and quadriceps muscles. Jogging speed was approximately 2.5 m/s. 4 Stretching types are represented in Figures 6, 7 , and 8.
17-19
Statistical Analysis
The data obtained from the measurements were recorded in the SPSS Windows (11.0) software package. Since there were 10 subjects in each of the groups (group 1n = 10, group 2n = 10, control group n = 10) nonparametric tests were used. The Wilcoxon Signed Rank Test was applied to determine the intragroup exercise effectiveness. The Kruskal-Wallis Test was used to compare the results of the 3 groups. Accepted as significant was P < 0.05. Finally, the Mann Whitney U test with Bonferroni correction was used to determine the group that causes the difference (P < .0167).
Results
The control group was comprised of 7 women (70%) and 3 men (30%). Likewise, group 1 was comprised of 7 women (70%) and 3 men (30%). Group 2 was comprised of 5 women (50%) and 5 men (50%). Subject demographics are presented in Table 2 (Kruskal-Wallis χ 2 = 1.11, S = 2, P = 0.574).
Proprioception
There was no difference in AE of JPS values between any of the groups during preexercise measurements (Kruskal-Wallis, P > 0.05). In the second set of measurements, AE of JPS values of right (R) knee flexion at 15° (P = 0.003) improved, left (L) knee flexion at 30° (P = 0.024) improved, R knee flexion at 30° (P = 0.001) improved, and L knee flexion at 60° (P = 0.037) improved, and the improvements were significant compared with the first measurements (Table 3 ). There was no difference between R and L leg according to their AE of JPS values both in first and second measurements among three groups (P < 0.05).
Control Group. AE of JPS values of the control group were not significantly different in the second set of measurements (Wilcoxon Signed Rank, P > .05).
Five-Minute Warm-Up Group (Group 1). AE of JPS values of R knee flexion at 30° improved, L knee flexion at 60° improved, L knee flexion at 15° improved in group 1 (P < 0.05; Table 3 ). In the second set of measurements, AE of JPS values for only R knee flexion at 30° significantly improved in group 1 compared with the control group (P = 0.001; Table 4 ). Ten-Minute Warm-Up Group (Group 2). It was determined that all AEs of JPS values of all degrees, except R knee flexion at 60°, improved in group 2, and the improvements were significant (P < 0.05; Table 3 ).
In the second set of measurements, AE of JPS values of R knee flexion at 15° improved, R knee flexion at 30° improved, L knee flexion at 15° improved, and L knee flexion at 60° improved in group 2 compared with the control group, and the improvements were significant (P < 0.0167; Table 5 ). After exercise, AE of JPS values of R knee flexion at 15° improved in group 2 compared with group 1 (P = 0.012; Table 6 ). Note. Bonferroni correction, * P < 0.0167 Table 3 Note. Bonferroni correction, * P < 0.0167
Balance
When the three groups are compared, there was no significant difference in the first balance measurements (Kruskal-Wallis, P > 0.05). R unilateral stance (eyes closed) was significantly different among the three groups (P = 0.002) in the second measurement.
Bilateral stance
Control Group. The control group showed no significant improvement between the first and second measurements (Wilcoxon Signed Rank, P > 0.05).
Five-Minute Warm-Up Group (Group 1).
In the second set of measurements, bilateral stance on the foam surface (eyes closed) and velocity (LOS data) significantly improved in group 1 compared with preexercise (P < 0.05; Table 7 ). There was no significant difference for bilateral stance in the second set of measurements between control group and group 1 (Bonferroni correction, P > 0.0167). 
Ten-Minute Warm-Up Group (Group 2).
In the second set of measurements, LOS data such as velocity, end point, and maximum excursion, significantly improved in group 2 compared with preexercise (Table 8) .
When control group and group 2 are compared, LOS data, such as reaction time (P = 0.008) and velocity (0.012), were significantly different in the first measurements (Table 9 ). No significant difference was found for bilateral stance between the control group and group 2 in the second set of measurements (P > 0.0167).
There was no significant difference for mCTSIB and LOS data when group 1 and group 2 were compared after exercise (P > 0.0167).
Unilateral Stance
Control Group. The control group showed no significant improvement between the first and second set of measurements (P > 0.05).
Five-Minute Warm-Up Group (Group 1).
In the second set of measurements, postural sway in R&L unilateral stance when the subject's eyes closed, significantly decreased in group 1 compared with the measurements that were taken before exercise (P < 0.05; Table 10 ). In the second set of measurements, postural sway significantly decreased during R unilateral stance (eyes closed) test in group 1 when it is compared with the control group (P = 0.002; Table 11 ).
Ten-Minute Warm-Up Group (Group 2).
In the second set of measurements, postural sway in L unilateral stance (eyes closed) test, significantly decreased in group 2 compared with the measurements which were taken before exercise (P = 0.019; Table 10 ). In the second set of measurements, postural sway significantly decreased during R unilateral stance (eyes closed) test in group 2 compared with the control group (P = 0.002; Table 12 ). It was found that there was no significant difference for unilateral stance in the second set of measurements between group 1 and group 2 (P > 0.0167). 
Discussion
Warm-up exercises have important roles to prevent musculoskeletal injuries during exercise and sport activities and improve position sense and balance parameters. 11, 32 In this study, the effects of 5-minute and 10-minute warm-up exercises on knee proprioception and balance were investigated. It found that the 10-minute warmup exercise periods led to a greater improvement in proprioception than 5-minute warm-up periods. Warm-up exercises are mild exercises that improve mechanoreceptor sensitivity. 2, 3, 6, 11, 14, 30 The effects of warm-up exercises on mechanoreceptors can be explained in terms of a set of mechanisms: Muscle tissue acquires proper viscoelastic properties, oxygenation is enhanced, and body temperature increases because of vasodilatation. 2, 4, 6, 7, 13, 30 According to Bouet et al, these alternations may improve the functioning of these receptors and kinesthetic sensibility.
14 Increased temperature decreases the threshold of the mechanoreceptors and improves tactile sensibility. 4, 6, 10, 30 In addition, the central factors are also effective on joint position sense. 10, 14 Static position sense can only be represented by the receptors that have background discharge. Mostly joint receptors and SAII (slowly adapting type II) receptors and a little less amount of muscle spindles might facilitate static position sense. The muscular response probably differs after exercise; this could be affected by a modification of either corollary discharges likely involved in position sense, fusimotor commands, and spindle activity. 10, 14 A possible mechanism for the improvement of JPS by subfatigue levels of exercise may be due to increased output of muscle spindles through the so-called γ route during movement. 12, 17 Peripheral regions of intrafusal muscle fibers contain contractile elements innervated by γ motor neurons with the level of activation directly controlling muscle spindle sensitivity. Any of the signals barraging the γ motor neuron pools alter their level of activation, therefore influencing the input arising from the muscle spindles. Afferent signals from muscle spindles are hypothesized to be a function of muscle length changes superimposed on the integrated receptor and descending pathway information. In this manner, the γ motor neuron system may be considered a "premotor neuronal integrative system" that conducts "polymodal feedback" to central nervous system. 10 Warm-up exercises improve muscle performance and effect sensorial systems with increasing kinesthesia, 11, 14, 21 and position sense and balance are affected positively. 11, 14 JPS values for R knee flexion at 15° improved after 10 minutes warm up compared with 5 minutes warm up. A possible explanation for this result may be that the ability of the consciously perceive passive knee movement appears to be enhanced when the joint is near terminal extension and when muscles antagonists to the movement are stretched. As our subjects were healthy, the JPS values were between the first and second set of measurements; we did not expect a big difference in improvement, because they already had good acuity. Since the sensitivity of perception of the JPS at 15° is more than greater angles, 15 we may have achieved more clear results at this degree. All the subjects were right legged, and we found no differences between the JPS values at all degrees for R and L limb. Therefore it is difficult to make a reasonable explanation on why the improvement was only on the R limb between two exercise groups. Although there was an improvement also for L limb, it wasn't statistically significant. Doing this study on a larger sample of subjects might be useful to attain more clear results.
Warm-up programs usually start with fast walking or jogging. According to many research studies, a proper warm-up period lasts between 5 and 15 minutes. 2, 3, [26] [27] [28] 30 This period seems adequate for a proper warm-up. Bartlett et al stated that 4-minute warm-up exercise periods increased knee proprioception. They asserted that warm-up exercise keeps laxity at normal levels and prevents injuries. 11 Bouet et al defined similar results with 10 minutes submaximal exercise on a cycle ergometer. 14 On the other hand, the content of the warm-up program is as important as the duration. Thacker et al declared that poor proprioception, increased joint laxity, and muscle fatigue are important factors that may lead to knee injuries. 32 Negative differences in muscle spindles functioning at the spinal level (deterioration of spinal presynaptic inhibition pathways) might occur and muscle spindle and golgi tendon organs' thresholds can be desensitized and afferent feedback to the central nervous system can be decreased with fatigue as with joint receptors. 33 Fatigue decreases position sense, muscular response delays, and motor control deteriorates. 11, 33 If high H + concentration related acidosis does not occur, muscle performance is protected as is the case in mild exercises (in subfatigue levels of activity) such as warm-up exercises. 7, 8, 14 Thus, exercises and warm-up duration should be arranged very carefully to gain the optimum efficacy from warm-up exercises; it is necessary to understand that the period and intensity of the exercise should not cause fatigue. We did not investigated the effect of fatigue on proprioception and balance in our study but according to the other authors, and what we explained about the mechanisms concerning fatigue, we arranged our exercise program to avoid the negative and interfering effects of fatigue on these parameters.
Warm-up exercises start with the jogging, which increases the body temperature and prepares the whole body and muscles for stretching. 3, 6, 27, 28, 3 There is no certain decree for intensity or length of the warm-up period for an improvement of knee proprioception and balance that prevents musculoskeletal injuries during exercises. Our volunteers performed warm-up exercises for 5 minutes and 10 minutes similarly in Bartlett et al and Bouet et al's studies. We designed two warm-up programs that both consisted of the exact same pattern, and one had half of the duration of the other one to avoid interfering with the results. The repetitions were same and the jogging duration was the half of the other's. Only the stretching durations were different because we desired the contents of two programs to be the same. After the warm-up exercises, JPS and balance were improved in both exercise groups. JPS values for diverse angles of the knee improved more in the 10-minute exercise group than in the 5-minute exercise group. It can be stated that the 5-minute warm-up program has a positive effect on some parameters of proprioception and balance but a 10-minute warm-up program appears to be more effective on these parameters, possibly due to better muscle warming and controlling the laxity level. Two mechanisms might be effective on this condition. First, muscle spindles can be stimulated properly and a relaxing response occurs via monosynaptic reflex. Stretching 3 to 5 times and holding for 10 to 30 seconds is suggested.
3,6,27,28,31 A 15-second stretching period for the 5-minute program and a 30-second stretching for the 10-minute program was used in the present study. Riemann et al indicated that the muscle spindles are responsible for conveying information regarding muscle length and rate of changes in length. Although the central areas of the intrafusal muscle fibers lack contractile elements, the peripheral areas contain contractile elements, which are innervated independent of extrafusal (skeletal) muscle fibers via the γ motor neurons. Activation of the peripheral contractile elements stretches the central regions containing the sensory receptors from both ends. This results in an increase in the firing rates of the sensory ending and an increase in the sensitivity of the muscle spindle to length changes. 10 The 30-second stretching might be more effective for the proper stimulation of the muscle spindles and joint receptors due to the longer period of time for relaxing response to occur. It's just a hypostasis, since we did not measure the relaxing time of a receptor. Second, longer jogging increases blood flow in muscles and speed of nerve impulses thus reaction time of the muscle decreases (immediate reflex responses) after 10 minutes warm-up exercise. Immediate and proper reflex responses can protect the structures from injuries and make the knee more sensitive to damaging forces.
In addition, we investigated whether warm-up exercises influence balance control or not. As it is well known, balance is important for activities in daily living. Proprioceptive impairments increase postural sway and so balance is impaired. When proprioception and balance are impaired, injuries can take place in daily life or in sporting activities. 8, 20, 21, [23] [24] [25] According to Tsang et al, knee proprioception was more effective on dynamic balance. [17] [18] [19] In this study, only the values on single leg in eyes closed position were different among the three groups after exercise. When the control group and exercise groups were compared, only the values on the right leg in the eyes-closed position improved significantly. All participants were right handed/legged, and we can state that dominancy is effective on unilateral stance tests. After exercise, different balance parameters improved in each exercise groups and some improvements in the components of LOS, and unilateral stance were determined in the 10-minute exercise group. For this reason, it is difficult to state which length of warm-up period is more effective on balance.
In accordance with the results of this study, a suitable length of warm up to create a significant improvement on knee proprioception can be determined; however, the exact length of warm-up period necessary to significantly improve balance cannot be inferred. Both warm-up periods have positive effects on knee proprioception and balance. Doing warm-up exercises before a sporting activity is useful to avoid injuries due to lack of proprioception and balance. The 10-minute warm-up exercise appears to lead a greater improvement in proprioception than the 5-minute warm-up exercise period. Although the 10-minute warm up duration does not appear more effective on balance, we found that both durations were effective on balance. So we may recommend 10-minute warm-up exercises to get more benefit from warming up to prevent injuries without expending the benefits of at least a warm up for 5 minutes.
Future studies need to be conducted on a larger sample of subjects to attain more definite results and to determine the optimum length of the warm-up period. The effects of the warm-up periods on proprioception and balance should be investigated in the healthy and injured populations and also in amateur and professional athletes. The determination of special warm-up programs and periods for different branches of sport will be effective in the prevention of injuries. Furthermore, athletes and patients should be monitored during exercise to avoid the effects of fatigue, inappropriate lengths of the warm-up period, and inappropriate techniques.
